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(57) Abstract: A variable frequency output signal is generated in response to a control signal by providing an oscillator (50) that 
generates the output signal in different frequency ranges depending on the value of an operating parameter, such as DC bias current. 
A first circuit (60) adjusts the operating parameter values and a second circuit (80) controls the Kvco of the oscillator. 
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MULT I -FREQUENCY BAND CONTROLLED OSCILLATOR 

CROSS REFERENCE TO RELATED APPLICATION 
The applicant claims priority based on provisional 
application 60/236,686, filed 09/29/2000. 

BACKGROUND OF THE INVENTION 
This invention relates to controlled oscillators and 
more particularly relates to such oscillators in which 
oscillator gain is controlled. 

In communication systems today, a wide range of 
frequencies is employed in controlled oscillators, such 
as voltage controlled oscillators (VCOs) . Typically, 
such VCOs are employed in phase locked loops . ■ The VCOs 
generate frequencies over a wide range in response to a 
control voltage, Vc. The ratio of a change in the 
oscillator frequency to a change in Vc is known as the 
VCO gain or Kvco. 

The range of Vc is limited by the supply voltage, 
which typically is small in the integrated circuits used 
in communication systems. In known systems, Vc is 
substantially smaller than the supply voltage. In the 
known systems, if a large frequency range must be 
generated in response to a small Vc range, then Kvco must 
have a relatively large value. However, a large Kvco 
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value results in the other problems. For example, as the 
Kvco value increases, oscillator instability and phase 
noise also increase. In known systems, Kvco also tends 
to be non-linear. This problem increases the complexity 
of the circuitry required to accurately control the 
output frequency. 

The inventor has discovered a technique for solving 
these problems and for keeping Kvco. at a relatively small 
and relatively constant value, thereby increasing the 
accuracy of the output frequency and reducing the 
complexity of related circuitry. 

Further limitations and disadvantages of 
conventional and traditional ' approaches will become 
apparent to one of skill in the art, through comparison 
of such systems with the present invention as set forth 
in the remainder of the present application with 
reference to the drawings . 

BRIEF SUMMARY OF THE INVENTION 
One apparatus embodiment of the invention is useful 
to generate a variable frequency output signal in 
response to a control signal. For such an application, 
the embodiment comprises an oscillator arranged to 
generate the output signal with a frequency adjustable 
within a first frequency range in response to a first 
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parameter value of an operating parameter and adjustable 
within a second frequency range in response to a second 
parameter value of the operating parameter. The 
frequency is generated within the first frequency range 
and the second frequency range in response to a control 
value of the control signal. The control value is within 
a predetermined control value range. A first circuit is 
arranged to adjust the parameter values of the operating 
parameter. A second circuit is arranged to control a 
ratio of the frequency to the control value within at 
least the first frequency range. 

One method embodiment of the invention is useful for 
generating a variable frequency output signal in response 
to a control signal. For such an application, the 
embodiment comprises generating the output signal with a 
frequency adjustable within a first frequency range in 
response to a first parameter value of an operating 
parameter and adjustable within a second frequency range 
in response to a second parameter value of the operating 
parameter. The frequency is generated within the first 
frequency range and the second frequency range in 
response to a control value of the control signal. The 
control value being within a predetermined control value 
range. The parameter values of the operating parameter 
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are adjusted. A ratio of the frequency to the control 
value is controlled within at least the first frequency 
range . 

By using the foregoing techniques, controlled 
oscillators can be made with a degree of accuracy 
previously attainable only by much more complex and 
costly devices. . 

These and other advantages and novel features of the 
present invention, as well as details of an illustrated 
embodiment thereof, will be more fully understood from 
the following description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic block diagram of one form of 
a phase locked loop using one form of a voltage 
controlled oscillator (VCO) embodying the invention. 

Figure 2 is a schematic diagram of the VCO shown in 
Figure 1 employing a current source. 

Figure 3 is a schematic diagram of the current 
source shown in Figure 2 . 

Figure 4 is a graph illustrating output frequency 
versus control voltage for the VCO shown in Figure 1. 

DETAILED DESCRIPTION OF THE INVENTION 
Referring to Figure 1, one embodiment of the 
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invention may be used in a phase locked loop 10 including 
a phase frequency detector 12 having input terminals 14 
and 16. Detector 12 behaves as an error amplifier, which 
provides output signals UP and DOWN to a charge pump and 
filter 20. The UP and DOWN signals depend on the 
frequency and phase of both input signals on terminals 14 
and 16. 

Charge pump and filter 20 contains switches, which 
take the signals from detector 12. Device 20 also 
includes current sources. The purpose of device 20 is to 
convert discrete time domain functions from detector 12 
to a control signal generated on a terminal 22 . The 
control signal may be a voltage signal or a current 
signal depending on the type of controlled oscillator 30 
employed in the phase locked loop 10. In the embodiment 
shown in Figure 1, controlled oscillator 30 is a voltage 
controlled oscillator (VCO) and the control signal is a 
control voltage, Vc, that is received by an input 
terminal 32 of VOC 30. 

The VCO output signal is divided by a divider 
circuit 40. In the embodiment shown in Figure 1, circuit 
40 divides by a value N, which, for purposes of clarity, 
will be assumed to be 1 . However, any value of N could 
be employed. Circuit 40 generates the input signal 
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received by input terminal 16 . 

Referring to Figure 2, VCO 30 comprises a ring 
oscillator 50 including inverters 52-54 connected as 
shown. Oscillator 50 generates an output signal at a 
terminal 34 with a frequency adjustable within a first 
frequency range in response to a first parameter value of 
an operating parameter, such as a DC bias current Id, and 
adjustable within a second frequency range in response to 
a second parameter value of Id. The frequency of the 
output signal on terminal 34 is generated within the 
first frequency range and the second frequency range in 
response to a control value of the control signal, Vc. 
The control value is within a predetermined control value 
range. 

An adjustable current source 60 connected through 
conductors 62 and 63 adjusts the values of Id. Referring 
to Figure 3, current source 60 includes NMOS field effect 
transistors (FETs) 65 and 66 connected as shown. FET 66 
provides a bias voltage to FET 65. The bias voltage can 
be generated from a bandgap voltage. The bias current 
provided by source 60 is adjusted by a control circuit 
not shown. Those skilled in the art of VCOs understand 
how to design such a control circuit. 

Referring again to Figure 2, a voltage source 70 
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defines a supply voltage range between voltages Vdd and 
Vss. 

A circuit 80 controls the Kvco of oscillator 50 
within a first range of frequencies. Circuit 80 includes 
an NMOS FET 82 having a gate 84, a source 85 and a drain 
86. The source and drain define a source-drain path 87. 
A one K ohm resistor 88 is connected as shown in series 
with the source-drain path 87 . 

A circuit 90 controls the Kvco of oscillator 5 0 
within a second range of frequencies. Circuit 90 
includes an NMOS FET 92 having a gate 94, a source 95 and 
a drain 96. The source and drain define a source-drain 
path 97. A one K ohm resistor 98 is connected as shown 
in series with the source-drain path 97. 

A switch circuit 100 includes an NMOS FET 102 with a 
gate 104 and an NMOS FET 106 with a gate 108. 

Referring to Figure 4, when operation between 
frequency A and frequency C is desired, FET 102 is 
switched on and FET 106 is switched off (Figure 2), 
thereby switching circuit 80 into operation and switching 
circuit 9 0 out of operation. For operation between 
frequencies A and B, source 60 is . switched out of the 
circuit and circuit 80 then defines a gain of oscillator 
50 shown as Kvcol. The frequencies in range A-B are 
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generated in response to Vc within the range of 0 to Vcl. 

For operation between frequencies B and C, source 60 
is switched into the circuit and is controlled to adjust 
bias current Id to a value that causes oscillator 50 to 
have a gain of Kvco2 . The frequencies in range B-C are 
generated in response to Vc within the range of 0 to Vc2 . 

When operation between frequency C and frequency E 
is desired (Figure 4) , FET 102 is switched off and FET 
106 is switched on, thereby switching circuit 80 out of 
operation and switching circuit 90 into operation. For 
operation between frequencies C and D, source 60 and 
circuit 90 together define a gain of oscillator 50 shown 
as Kvco3 . The frequencies in range C-D are generated in 
response to Vc within the range of 0 to Vc3 • 

For operation between frequencies D and E, source 60 
is controlled to adjust bias current Id to a value that 
causes oscillator 50 to have a gain of Kvco4. The 
frequencies in range D-E are generated in response to Vc 
within the range of 0 to Vc4. 

For operation between frequencies E and a frequency 
higher than E, source 60 is controlled to adjust bias 
current Id to a value that causes oscillator 50 to have a 
gain of Kvco5. The frequencies in range above E are 
generated in response to Vc within the range of 0 to Vc5. 
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As shown in Figure 4, the values of Vcl-Vc5 are 
substantially the same. The slopes of the lines Kvcol- 
KvcoB are substantially linear and constant and have a 
relatively small value. 

A separate circuit like 80 and 90 can be provided 
for each frequency range of interest (e.g., range A-B) if 
desired. Of course, additional switches must be added to 
switch circuit 100 for such applications. 

By using the foregoing techniques, control voltage 
ranges defined by Vcl~Vc5 can be made to within at least 
90 percent of the supply voltage range Vdd - Vss. 

While the invention has been described with 
reference to one or more preferred embodiments, those 
skilled in the art will understand that changes may be 
made and equivalents may be substituted without departing 
from the scope of the invention. In addition, many 
modifications may be made to adapt a particular step, 
structure, or material to the teachings of the invention 
without departing from -its scope. Therefore, it is 
intended that the invention not be limited to the 
particular embodiment disclosed, but . that the invention 
will include all embodiments falling within the scope of 
the appended claims. 
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What is claimed is: 

1 . Apparatus arranged to generate a variable 
frequency output signal in response to a control signal 
comprising: 

an oscillator arranged to generate the output 
signal with a frequency adjustable within a first 
frequency range in response to a first parameter value of 
an operating parameter and adjustable within a second 
frequency range in response to a second parameter value of 
the operating parameter, the frequency being generated 
within the first frequency range and the second frequency 
range in response to a control value of the control 
signal, the control value being within a predetermined 
control value range; 

a first circuit arranged to adjust the parameter 
values of the operating parameter; and 

a second circuit arranged to control a ratio of 
the frequency to the control value within at least the 
first frequency range. 

2 . The apparatus of claim 1 wherein the operating 
parameter comprises DC bias current of the oscillator. 

3 . The apparatus of claim 1 and further comprising a 
voltage source defining a supply voltage range for the 
oscillator. 
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4 . The apparatus of claim 3 wherein the control 
value range comprises at least 90 percent of the supply 
voltage range. 

5 . The apparatus of claim 1 wherein the control 
signal comprises a voltage signal. 

6 . The apparatus of claim 1 wherein the control 
signal comprises a current signal. 

7. The apparatus of claim 1 wherein the first 
circuit enables the control value range to control the 
generating of the output signal frequency in both the 
first frequency range and the second frequency range. 

8. The apparatus of claim 7 wherein the first 
circuit comprises an adjustable current source. 

9. The apparatus of claim 1 wherein the second 
circuit comprises: 

a transistor defining an output path; and 
a resistor connected in the output path. 

10. The apparatus of claim 9 wherein the transistor 
comprises a field effect transistor including a source and 
drain defining a source-drain path. 

11. The apparatus of claim 10 wherein the output path 
comprises the source-drain path. 

12. The apparatus of claim 1 and further comprising: 
a third circuit arranged to control the ratio 
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within the second frequency range; and 

a switch arranged to select between the second 
circuit and the third circuit. 

13 . The apparatus of claim 12 wherein the second 
circuit and the third circuit each comprises: 

a transistor defining an output path; and 
a resistor connected in the output path. 

14. The apparatus of claim 13 wherein each of the 
transistors comprises a field effect transistor including 
a source and drain defining a source-drain path. 

15. The apparatus of claim 14 wherein each of the 
output paths comprises the source-drain path. 

16. A method of generating a variable frequency 
output signal in response to a control signal comprising: 

generating the output signal with a frequency 
adjustable within a first frequency range in response to a 
first parameter value of an operating parameter and 
adjustable within a second frequency range in response to 
a second parameter value of the operating parameter, the 
frequency being generated within the first frequency range 
and the second frequency range in. response to a control 
value of the control signal, the control value being 
within a predetermined control value range; 

adjusting the parameter values of the operating 
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parameter; and 

controlling a ratio of the frequency to the 
control value within at least the first frequency range. 

17. The method of claim 16 wherein the operating 
parameter comprises DC bias current of the oscillator. 

18. The method of claim 16 and further comprising 
generating a source voltage defining a supply voltage 
range for the oscillator. 

19. The method of claim 18 wherein the control value 
range comprises at least 90 percent of the supply voltage 
range. 

20. The method of claim 16 wherein the control signal 
comprises a voltage signal. 

21. The method of claim 16 wherein the control signal 
comprises a current signal. 

22. The method of claim 16 wherein said adjusting the 
parameter values comprises enabling the control value 
range to control the generating of the output signal 
frequency in both the first frequency range and the second 
frequency range. 

23 . The method of claim 22 wherein said adjusting the 
parameter values comprises adjusting bias current values. 
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